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Abstract of WO 0071 063 (A1) 

An electrode array (1 0) for a cochlear implant is 
formed with a carrier made, for example from 
silicone, is preshaped and is formed with a lumen. 
The array (10) is shaped to assume a first 
configuration. The array (10) can be straightened, 
and held in a straight configuration by inserting a 
stylet (44) into the lumen. The array (10) relaxes to 
a shape matching the curvature of the cochlea (48) 
when the stylet (44) is removed. The electrodes of 
the array (10) are disposed on one side of the array 
(10) to face the modiolus when that array (10) is 
inserted into the cochlea (48). 
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A COCHLEAR tMPLANT ELECTRODE ARRAY 
Field of invention 

This invention pertains to coehte&r eleoimde arrays eh&ped to a 
predetermined curvature, and more partibuiariy to a cochlear electrode array 
S which has a first presented shape suitable tor insertion, into ill & body of a 
patient, and a second shape suitable for providing a specific function, or 
stimulus. 

Cochlear Implant systems are used to aid parents having a hearing 

tO deficiency, More particularly, these systems include a mioropNone receiving 
ambient sounds and converting the sounds into corresponding electrical 
signals, signal processing means ot processing the electrical signals and 
generating cochlea stimulating signals and an electrode array for applying the 
eoohiea stimulating signals to the cochlea of the patient. It is known in the art 

15 that the cochlea is tonotopioally mapped, in other words, the cochlea can fee 
partitioned into regions, with each region being responsive to signals In a 
particular frequency range. This property of the coehiea is exploited by providing 
the electrode array wSh a plurality of electrodes each electrode being arranged 
and constructed to defer a cochlea stimulating signal within a preselected 

20 frequency range to the appropriate region The electrical currents and electric 
fields from each electrode stimulate the auditory nerve ceils disposed in the 
modiolus ot the coohioa. Several electrodes may fee active simultaneously. 

It has been found that in order tor these electrodes to be effective, the 
required magnitude at the currents flowing from these eiectrodos is a function ot 

28 the distanoe between the electrodes and the modiolus. If this distanoe is great, 
the threshold stimulation current magnitude must be larger than if the distance is 
smaller. Moreover, the current from each eieotroda may flow in all directions, 
resulting in the area of the cochlea stimulated by a single electrode being 
undesirably large, Therefore the eJectrfcai ^telatton h notwei iocaiisad to a 

30 particuiar site on the cochlea. In order to reduoe the threshold atimuSatfen 
amplitude and to improve localisation, it is advisable to keep the 
distance between the electrode array and the modiolus as amall as possible. 
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This is heel accomplished by providing, an dectrcde army having a shape which 
gene rally follows the shape oilha madiofus, In contrast during Insertion, the 
aleetrade array should be generally straight, because otherwise the insertion 
prdcedura is too cumbersome and difficult Consequently there m a problem 
5 due to the hitherto conflicting design objectives that the electrode array M 
straight during Insertion but curved during use. 

Several methods and means of curving the electrode array and therefore 
overcoming the above-desorlbad problem have been attempted. These 
attempts fail generally in two categories. The first category consists of arrays 
10 that are formed In a straight configuration, and are mechanically manipulated 
into a curved configuration by an external device which exerts pressure against 
the outside wall of the cochlea. These arrays are designed so that part of the 
array is crossed against the outside waii of the coohtea, and another part is 
thereby pressed against the inside wall. These typee of arrays may be of a two- 
13 part design Hmh as commonly assigned US, patents 5,645*585 and 
5345,219,) or they may be of a spacefilling design. Both share the 
disadvantage of exerting a permanent pressure against both the inside and 
outside wall of the cochlea. The space4HJIng designs have an additional 
disadvantage that they displace the oochiear fluid, which may have adverse 
20 affects on the patient 

The second category consists of arrays which are shaped Into a curved 
configuration and are then straightened for insertion, Examples of arrays failing 
into this second category Include an electrode array having an electrode earner 
provided with a longitudinal element arranged on one side ot the carrier which 
25 is constructed to change its dimension ones the array is Inserted, For example, 
the longitudinal element could include a hydrogel such as PAA {Poiy&cryNc 
Acid) which expands after insertion by absorbing water from the cochlear fluid, 
as described in commonly assigned U.S. Patent Mo, 5,878,084, Alternatively, 
the longitudinal element could be a bimetallic ffemsM (such as nickel^taoium 
30 filament) which is shaped to allow tha elect rocte carder to take a straight 
configuration at room temperature but bends into a preselected shape once it fe 
exposad to body temperalure, 
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Commonly assigned U<8. Patent Ho, S : 6S3»742 discloses another 
electrode array facing into the second category. In this patent, the array i$ 
encapsulated into a stiffening sheath which holds the army In a linear 
configuration. The sheath is made of a biosorhable material such as polyvinyl 
5 alcohol (P¥A) which dissolves in the cochlear fluid after insertion, 

While the army $ from thfe second category remove tha disadvantage of 
the static pressure against the walls of the cochlea, they Have other 



procedure at which the array curves, and the array cannot be rest might ana d 
1 0 during surgery to allow a second attempt at Insertion it the first attempt -fails, 

in view of the above-mentioned dssad vantages of the prior art. If is an 
objective of the present Invention to provide a cochlear electrode array which 
has a first, refativefy straight configuration so that It can fee readily implanted^ 
15 using a stylet which, after Insertion is readily removed and a second, curved 
configuration to conform to the cochlea of a patient, 

A further objective is to provide an array which is small relatively In cross- 
sectional area, so as to facilitate insertion and minimise the dispiacement of the 
cochlea fluid. 

20 Another objective is to provide an array which can fee manufactured 

relatively easily and inexpensively. 

Other objectives and advantages of the invention shall become apparent 
from the following description. 



Briefly, an electrode array in accordance with this Invention includes an 



25 elongated carrier which supports a plurality of electrcdes suitable for defining an 
electrode array for application for cochlear stimulation signals, and wires 
attached to the electrodes to provide cochlear stimulation signals in the usual 
manner* The earner Is prefBrabSy preshaped into a curved configuration 
selected to insure thai the electrodes are disposed m close proximity to the 

m modiolus of the acaia tympanl Importantly, the carrier Is formed with a 
lumen which is designed to accept one or more surgical stylets, Prior to 
Insertion of the carrier into the cochlea, the sfyfet is introduced Into the carrier 
to Insure that the oarHar te/maint^^d jrj •a : ^ub$tahtlalSy straight ;conftguration. 




In that the surgeon cannot control the point in the surgical 
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As the arra^f Is inserted into the oochfea, the stylet m slowly withdrawn allowing 
the array to assume a curbed configuration. Preferably the stylet relatively sllff 
along its entire length except for Its tip. The % Is annealed to render it mom 
malleable then the rest of the siyi&t to &$qw the array to fox easily as It is being 
5 inserted. 

Preferably, the electrodes are disposed on an inner surface of the carrier* 
so that when the carrier Is. implanted, the electrodes are facing the modMus* 
Each electrode may be formed from a ring with a wire threaded through the ring, 
the ring then being collapsed into a U-shaped electrode element to grip the 

1 0 wire. The etectrocfea and wires are then embedded into the carrfer. 

Several methods for producing the electrode array can be used. For 
example* a blank may be formed around a curved producibrv s^ytet v and the 
stylet may be withdrawn from the blank to form a lumen. The electrodes and 
their wires are attached to the blank and a moulding material is applied to 

15 complete the carder. 

After the carrier and ;ta etectrodes are compieted, it may be packaged in 
lie curved configuration together with an appropriate surgical style!, and a 
straightening jig. Prior to ayrge^ the sfmlahtening jig is ueed to simulianwusly 
straighten the earner and insert the stylet into the lumen of the carrier. The stylet 

20 is stiffer or more rigid then the carrier so that once the stylet is inserted into the 
iumen, the electrode array thus formed can he removed from the jig with the 
carder maintaining its straight oonfrgutatlon for insertion, 

Figure i a shows a plan view of a cochlear Implant array constructed in 
25 accordance with this invention in a relaxed state; 

Figure 1h shows a aide etevatlonai view of the electrode array of Figure 

la: 

Figure 1c shows an end elevatlona! view of the electrode array of Figures 
la and lb: 

30 Figure 2a shows an enlarged cross sectional view of the distal end of the 

electrode array of Figuree 1a-c; 

Figure 2b shows an enlarged cross sectional view of the array taken 
aiong lines Ml in Figure 2a; 
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Figure 2c m similar to Figure 2b md shows the array with the aurgfea! 
stylet in place; 

Figure 2d is similar to Figure 2b with two surgical stylets; 

Figure 3 shows a somewhat dlaimmrn# : ? view of a cochlear array as it Is 
S inserted into the cochtea; 

Figure 4a shows a production stylai with spacers used to make a blank; 

Figure 4b shows a blank being formed; 

Figure 4o shows details of the blank tip; 

Figure 4d allows a side view of an etectrods ring; 
TO Figure 5 shows an alternate, t^qhniciyg of making the array; 

Figure 6 shows In oross-seeflon the attachment of an electrode ring to a 

blank; 

Figure ?a-?d show the electrode array being inserted into the ooshtea; 

and 

15 Figures 8a and 8b show an orthogonal view of a jig used to straighten the 

array prior to surgery, 

OeMilf d „ Desori fftion of th% liiventlon 

A preferred embodiment of the invention shall now he described m 
conjunction with the figures. Starting with Figures 1a~1e< an atedroda array 10 

20 constructed in accordance with this tovention is shown in a state wherein it 
fellows the natural curvature of the cochlea of an adult, 
This eteetrode array consists of an elongated carrier 12 having a straight portion 
14 and a portion 18 which has a spiral shape. Portion 16 subtends an am of 
about 45Q"\ as shown. The array 10 is provided with a plurality of electrodes 

25 shown in Figures 2a, 2b and described below. These elects-odes have been 
omSted from Figures la-c for the sake of clarity. The carrier 42 is made of a 
plastic material, such as medical grade sfOoone rubfoar, as described in mora 
detail betow. 



s 

Portion 14 is provided with a ring 18 to indicate insertion depth, 
especially during extraction of the stylet (described below) « The ring 18 is used 
for holding the array 10 during the Insertion, from ring 18, portion 14 widens 
slightly to form two tubes 82 and 24. Tube 22 is formed with a plurality of 

8 longitudinally spaced externa} ribs 28, provided to allow fixation using bone 
cement or platinum ties (not shown). Tube 22 holds a plurality of wires 3S 
discussed helow which extend from the reeeiveristimuiator 23 to the electrodes 
of portion 18- Tube 24 encloses a lumen 3Q which extends through the length 
of the electrode array 10, Lumen 30 is fabricated using a production stylet 31 , 

10 and Is used to house a surgical stylet 44, as described bellow. 

Referring now to Figures 2a and 2b, portion 16 has a plurality of 
electrodes 32 arranged on an inner surface 34, i.e., the surface facing the 
modiolus 33, as shown in figure 3. Each electrode 32 is connected to one or 
more wires 36. Advantageously the electrodes 32 form a channel for the wires 

15 36 connected to the electrodes 32. The electrodes 32 and wires 36 are 
embedded in the plastic material 38 forming the carrier 12. 

With reference to Figures 4a - 4d, a method of making the array 10 is now 
described, First, the production styiet 31 Is out to ske from platinum wire coated 
with polytetrafiyroeihene I.e. deflon". A plurality of donut shaped spacers 40 

20 made of silicone are inserted over the production stylet 31 as seen In figure 4& 
Importantly at Its tip 31 A, (Figure 4c) the teflon coaling is removed from the 
pmducfion stylet 31 thereby forming the narrow .section at the end of the lumen, 
Next the stylet 31 with the spacers 40 Js inserted Into a curved die ^not shown) 
and a silicone material is poured Into the curved die and cured to form a 

25 moulded blank 42 which Includes the production stylet 31 and the spacers 40 
embedded therein. The spacers 40 insure that the production stylet Is 
positioned at a pfedsfermined location within the moulded blank 42, The die is 
shaped to Insure that the blank 42 has an end section 1 0A which is not curved 
but Is farmed so that it is relatively straight. This section ISA may have a length 

30 of about 0,7mm, The bare tip 31 A of production styiet 31 is disposed In this 
end sestjon 1 0A. After the moulded blank 421s cored, t is removed from the die. 
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The production stylet k then withdrawn from the moulded blank 42 feavirtg 
behind the lumen 30 having a tip 3GA which Is narrower then the rest of the 
lumen. The spacers 40 are also left behind on removal of the production stylet 
The non-stick property of the teflon facilitates the easy removal &f production 

S siyiet 31 from the --cured saloon array, thereby leaving a smooth lumen 30 
behind Prior to She removal of the molded blank from the moulding die, the 
lumen 30 Is, of course, circular. 

it% a separate operation a plurality of electrodes 32 are formed and 
attached to corresponding wires 36 as follows. Firm several rings made of 

10 platinum are provided. A typical array may have 2£ electrodes in which case 
the /following eteod rings may be used: 8 - rings with an outer dimeter of Q,6mn% 
6 rings with an outer diameter of 0.63 mm and 1 0 rings with an outer diameter of 
..0,65 mm 

A p&iySene-coated Ptflr wire is connected to each of the rings as follows, 
I S The wire is placed Inside the nng and welded, and then the ring Is then 
collapsed and welded also, using a weeding electrode to form a U-shaped 
electrode 32 shown In Figure 4d, The wire 36 extends away f rom the electrode 
32, 

Generally, every electrode 32 is connected in this manner to a singly wire 
20 36, However, with the technique doscribad above it Is relatively aasy to connect 
two or more wires, such as wire 38A, to each eiootrode 32 as well. Multiple 
wires provide redundancy in case one of them breaks, and IrrportantSy, also 
provide greater mechamc&i flexibility for a given electrical resistance. 

The moulded blank 42 is next manually straightened and placed into a 
25 production jig 43 adapted to hold the moulding blank 42 "In the straight 
configuration (figure 5), The production jig preferably composes a fiat piece of 
chrome-plated brass with indents to hold the electrodes in correct position for 
attachment to the production stylet. In this configuration a second prodnotion 
stylet 46 is inserted Into the lumen 30 to hold the moulded blank 42 straight 
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The second production stylet 46 as sfraighl, and prafarabiy Is made of stainless 
steel Once the second produMon stylet 46 has been fully inserted into tfte 
lumen 30, the production jig 43 is removed, Next, each of the electrodes 32 Js 
glued in one of the recesses 41 en the blank 4$. as shown In Figure S 5 using a 

5 dab of -.silicone. Recesses 41 are formed by the shape of the die used to mould 
the blank. The blank 42 is then backfilled mth a silicone fier material and the 
whole array is cured to complete the array 10. Upon addition of the silicon tiller 
material and curing spacers 40 and the added filler amalgamate to form an 
homogeneous whoie. The second production stylet 46 is then remold. 

10 The array may afenatlvely be fabricated by the following methods A .=sf I 

of electrodes are formed by pressing rings of platinum into a U-shape. The 
electrode furthest from the Up of the electrode array is placed in a straight 
welding die (not shown) : where a wire is welded to that ring. A droplet of 
silicone is placed in the trough of the electrode, A second electrode is then 

15 placed in the welding die, and a wire is welded to it The wire from the second 
electrode Is bedded down into the silicone droplet In the trough of the first 
electrode. A droplet of silicone is then placed m the trough of the second 
electrode, A third and subsequent electrodes are placed in a similar fashion. 
Additional droplets of silicone may he pieced m the earlier electrodes if 

20 necessary to capture allot the wires. 

Once all of the electrodes have been welded and essembled in the 
straight welding die the production stylet is pressed on top of the wires and 
silicone in the troughs of the electrodes Each electode trough is then partially 
filled with more silicone, The whole assembly is then placed in an oven to cure 

25 the silicone. 

The assembly is then removed from the straight die and carefully curved 
to match the shape of a curved moulding die. The assembly is then placed in 
the curved moulding die and the space in the die is packed with silicone 
material A matching die cover is placed over the assembly and pressed down, 
30 The die is then placed in an oven to cure the silicone. The die is then open to 
allow the resulting electrode array to be removed from the die. 
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The array 10 may alternatively be fabricated by placing a production 
stylet 31, U-shaped electrodes 32 and wires 36 Jnie a curved moulding die (no! 
shown). The electtodes are placed in the die one at a time, starling at the base, 
with the wire from each electrode passing through the trough formed by the 
5 previously insetted electrodes. Once ail of the electrodes 32 have been placed 
in the die the whole space is packed with silicone material, and a matching die 
cover is placed over and pressed down over the moulding die. The array is 
cared, and then removed from the die, and the production style! removed from 
the anay. 

10 After completion, the array 1.0 is attached to the cochlear Implant 

receiver/stimulator 23 In the same fashion as prior art electrode arrays. 

The assembly formed of the array 10 and the roeslvsr/stimulatot 5>3 Is 
packaged and shipped In an electrode array kit which also includes a surgical 
stytet 44 and, optionally, a straightening Jig 48, 

1 5 The surgical stylet 44 is formed from an unseated wire of a malleable, 

biocompatible wire such as platinum, having a diameter of about S.125mrm A 
length of wire of about 3mm forms the tip of the surgical stylet 44 is annealed to 
thereby making it more flexible. The opposite end of stylet 44 is curved to form 
a. loop 44A to allow the manipulation of the stylet 44. 

20 The straightening jig 48 shown in Figures 8a and 8b is used to 

straighten the array 10 prior to surgery as shall now be described. The jig 48 
contains a fixed platform 110 and a moving carnage 120 which can slide on 
platform 110 along a pair of rails 1Q2, 104. Platform 110 is also provided with a 
pin 130 disposed at one end of the platform 110 as shown. Also attached to the 

25 platform is a stationary wall 140. 

The carriage 120 is formed with a trough 106 extending longitudinaiiy 
through the carnage 120- On one side of this trough 106, the carriage 120 is 
provided with an extension 106 ~ 108 disposed in parallel with and adjacent to 
stationary wail 140 as shown. The carriage 120 also has a top surface with ribs 

30 112 which allow a person to move the carriage 120 on top of platform 1 10. 



w&mmm 



to 

Before surgery , she array 10 Is positioned on platform 110 so thai the 
portion 16 m deposed adjacent to the stationary wall 140 and the portion 14 
extends between the stationary wail 140 and the extension 106 and into the 
trough 108. In this position, the portion. 14 of the array 10 is mpmmd by the 
S carnage 120, 

Surgical stylet 44 is positioned so that Its tip m mmmd Mo the lumen 80 
white the remainder of the stylet 44 extends from the carriage 120 to the pin 130 
with ths Id0p 44A tmm fitted «r the pin 130 as shown m Figure 8a, The array 
10 m now ready to be straightened. 

10 Because the carnage 120 grips the electrode army 10, as the carnage 

120 Is moved in the direction of arrow A in Figure 8a s the portion 18 of the array 
10 Is forced to unravel slowly between the stationary wall 140 and extension 
108. Simultaneously with the unraveling or straightening of portion 18, the 
array 10 is puiisd over the surgical stylet 44 like & stocking, Once the array 10 is 

15 My straightened the stylet 44 Is fully' Inserted into lumen 38, and the 
straightened array 1 0 with stylet 44 m piace can tee removed from the jig 48, 

Preferably, the straightening jig 48 is paoked with the eSeefrode array 10, 
with the surgical stytet 44 bang partially inserted Irrtefebe « of array 10. This 
ailowe the array 10 to he stored with the portion 18 in lis molded state, yet is 

20 ready to he easily straightened by the surgeon just prior to use, 

in an alternate embodiment, the array 10 is straightened phor to shipment 
using the straightening jig 48, and the surgicei stytei 44 is inserted to hold the 
array 10 straight, In this embodiment the kit shipped to the surgeon need not 
include the pg 48 sinoe it Is not necessary, However, this alternative may be 

25 less desirable since the array 10 may be in the straight configuration for a 
relatively long time period and may loee its curved natural or relaxed shape. 

The surgical use of a aoehlear impiant utiiising the inventive electrode 
array 10 will now he described, First, the array 18 k straightened and held in 
this configuration using the jig 48. Simultaneously the surgteal stytet 44 is fully 

30 advanced into lumen. SO as described above and In Figures 8a and 8fe , With 
the array 10 straight, the lumen 30 assumes a tight ova! cross-seetionar shape 
which grips the surgical itytet so that ft will not easily fall out 
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in the following description it is assumed that the surgeon is now ready to 
insert the array 10 Into the patient's cochlea. 

As described above, the end 31 A of production styiet 31 is narrower than 
the rest of the stylet 31 v Therefore the resulting lumen 30 has a narrower and 
§ 30A as well. When the surgical stylet 44 is inserted into the lumen 30/ its tip Is 
wedged into and forms In Interference fit with the and 30A of the lumen 30 so 
that the surgical stylet 44 is retained in the lumen 30 until If is forcibly removed. 
As previously mentioned, this tip Is annealed to make 8 softer then the rest of the 
stylet 44. 

10 After the surgical stylet 44 is fully inserted into the lumen 80, the array 1 Q 

and stylet 44 are removed from the jig 48 and the Jig is discarded:. (Of course, if 
the array 10 is shipped with the surgical stylet 44 In place, tils step is omitted). 

Referring now to Figure ?a-7d, a surgeon inserts the array 10 as follows. 
First he makes an incision In the cochlea 48 In a normal fashion to generate a 

15 small access 80 In fts sidewalS. The surgeon inserts the tip 10 A of the array 10 
through the access 50 slowly. (Figure 70) As the array 1 0 is introduced, It starts 
curving; to follow the curvature of the outer wall 45 of the cochlea until the final 
position shown in Figure 7c is reached. The insertion is made easier because 
the array has no electrodes along the outside surface, just a smooth surface of 

20 silicone. This minimises friction between the array 10 and the outer wall 45 of 
the cochlea. The friction Is also reduced because the stylet Is made of a. 
malleable material. Therefore the array 1 0 with the stylet 44 inside conforms to 
the shape of the outer wall 45 cochlea without applying any substantial static 
outward pressure as would he the case if the stylet 44 was in elastic 

25 deformation. 

The insertion is further assisted by the straight preferred feature portions 
on the tips of the array iff and stylet 44, respectively, which help to prevent the 
array 10 from folding over. 
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Ounng the insertion, the surgeon can judge the position of the array 10 
within the cochlea by the relative positions of mark 1& When the mark 18 
reaches the access hole SO, the surgeon knows that the final position of the 
array 10 has been reached. At this point the surgeon removes and discards the 
5 surgical stylet 44 as indicated in Figure 74 by arrow A, Once the stylet tip pulled 
out of the narrowed portion BOA of lomon 30< the whole sty jet. 44 is much easier 
to pull cut since ft ia resting rather loosely therein, as explained : afeove, and 
shown in Figure 2c, The array 10 \s curved during the insertion, and so the 
lumen 30 opens ailowing the stytet 44 to fee freely removed. Furthermore, the 
10 array I D has now assumed a curved shape similar to the relaxed shape shown 
m Figure :2a. This causes the lumen 30 to assume a mora open shape, which 
allows the surgical stylet 44 to be easily removed. 

Once the surgical sly let 44 m removed, the array 10 relaxes away from 
the outer wall 45 of the cochlea 48, to reach its final position adjacent to the 
1 S inner 47 wall of the eoahfea and the modiolus^ Importantly,, the array 10 Is In a 
resting; positton and is not pressing against the modiolus, 

In summary, the electrode array 10 of the present Invention is fabhdated 
In a curved shape (figure l a and 1b), it has a lumen 30 which allows a surgipai 
stylet 44 to i>a insertod to hold the army stmight for surgical insertion (figure 2a 
20 and 2b). importantly, the lumen 30 is fabricated so that the openmg Is almost 
round when the array 10 in Its relaxed or ourved configuration. When the 
array 10 Is straight the lumen 30 consthcte and holds the stylet 44. These 
features allow the stylet 44 to be withdrawn easily from the lumen 30 of the 
electrode array W altar the array 10 has been inserted into the ooehiaa 48, 
25 sinoe the array is ourved fey contact with the outer wall 45 ol the cochlea 48. 
After the surgical styiet 44 is removed,: the array 10 assume lis fully curved 
shape, and achieves a final position tying ciose to the modiolus, 

Preferably the cross^ecttena! shape of the electrode carrier is not round, 
but la approximately square with munded corners (figure 2b, 2c), This educes 
30 the possibility that the array 15 will 4%vfet: during insertion. 
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The -lumen 30 is a dynamic feature m that it changes its shape depending 
m the curvature of the array 10: when the array 1.0 i$ in Its curved state the 
lumen 10 is open and round. Whan the array 10 In its relaxed curved state 
(somewhat less curved than the moulded shape) the lumen is opsn and 

5 eliipticaS In shape. 

When the array 10 Is straightened , the walls of the lumen 30 collapse 
closing the i&mm 30 such thai the surgical stylet 44 fe grpped and held in* This 
ensures that the stytet 44 wM not fail out of the lumen during transportation or 
manipulation prior to surgery as the array is held straight; 

1 0 During insertion into the cochlea the array becomes partially curved. This 

causes the Sumen to opart After insertion the lumen is open which releases the 
stylet allowing it to be easily removed 

Preferably the ! u mm is of a reduced diameter for a small distance at Its 
tip (Figure 4c). The surgfca! stylet Is fnetionaily fit into this reduced diameter 

15 section, so that it te firmly held there, Throughout the remainder of the distance 
of the lumen and style! the stylet is a loose fit so that it can be easily removed > 

Preferably the shaped lumen is fabricated by removing the tef ion from the 
production stylet for a length of G,1Smm, from the point whero the production 
styfet passes the last electmde. Thus the lumen will be a constant diameter of 

2Q: 0,18mm unfit the last 0,15mm wham the diameter vvlii be 0> 127mm. The 
surgical stylet is 0.128mm and since neither the lumen nor the stylet are 
preferably round, there will be a friction fit over the last Q,15mm< This has the 
advantage that the surgical stylet Is looked into the tip of the electrode array, 
and the initial force for removal of the stylet Is comparatively high. Qnce 

25 the surgical stylet is withdrawn 0,15mm, however, the stylet is then easily 
removed. Therefore, the surgical stylet is unlikely to be dislodged accidentally, 
yet is relatively easy to remove Intentionally, 

Preferably the tip of the electrode array is moulded straight, while the 
remainder of the array is curbed , This helps to prevent the array tip from folding 

30 over during Insertion. The earner is moulded with a continuing tightening curve 
until approximately 0,7mm before the tip, The test 0,7mm of the electrode is 
fabricated straight. Because the tip Is not predisposed to curving, even if 
the stylet withdraws slightly tiurmg insertion, it would require a large force 
to be applied during insertion to cause the electrode to double back on itsell 
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\n M& mamett the surgical stylet 44 has a variable flexibility along its length. In 
an alternate ^mfeodim^ni. tw^ stylets 44-1 and 44-2 may be inserted into lumen 
30 witti om of them (for instance 44-2) extending only pamaiiy ateng the length 
of array 10 (as shown In Figure 2d)> 
S The array shown In Figures i a-lc could be designed in other ways as 

well. For example, the array could be moulded from two dies to form two halves 
which can mm he glued together. 

Altemattvely, the array could be formed in two separate parts - a straight 
electrode carder with a channel and a ourved tube. The tube couki then be 
10 glued into the channel so as to create a curved array with a lumen which is open 
{round} when the array Js in its curved shape. 

Obviously, modifications could foe made to the Invention without 
departing from its scope as defined in the appended claims. For example it Is 
possible make and use an array with a $tyi# without the special: shaped lumen. 
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1. A cochlear electrode array kit for stimulating an auditory nerve of a 
patfent> said electrode array kit comprising; 

an elongated carrier having a carrier surface and a iumsn extending 
longitudinally through said carrier; 

a plurality of eieclmdes disposed on said earner surface; and 

a plurality of wires connected to said electrodes and embedded in said 
carrier to provide signals to said electrodes; 

wharein said elongated carrier is arranged and constructed to have a first 
configuration in which aa^ carrier is insert&bte into said cochlea and a second 
configuration m which after insertion, said electrodes are positioned to apply 
stimulation to said auditory nerve ; and 

a stylet sized to fit into said lumen and extend substantially through said 
carrier, said stylet, said wires and said carrier cooperating to change said 
elongated carrier between said first and second configuration, 

2, The cochlear electrode array kit of oiasm 1 wherein said carrier is biased 
towardi said first configuration when said stylet is inserted into said earner. 

3> The cochlear electrode array kit of claim 2 wherein said iumen has a 
cross-sect sonai dimension which increases as said eiongated carrier changes 
shape from said first to said second configu ration to allow said stylet to be 
withdrawn. 

A The cochlear electrode array kit of claim 1 wherein said elongated carrier 
® made of a silicone material 

5. The cochlear electrode array kit of claim 1 wherein said stylet is made of 
a malleable, biocompatible material 
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6. The cochlear electrode array kit of oiairn S wherein said malleable* 
biocompatible material is platinum, 

7. The cochlear electrode array kit of claim 1 wherein said stylet includes a 
tip, said tip being moro flexible than the rest of said stylet 

8. The cochlear electrode array kit of claim 1 wherein said elongated carrier 
includes a tip, said tip being more straight and /flexible than the rest of the said 
elongated carrier. 

The cochlear efectrcde array kit of claim 1 wherein said stylet has a 
variable stiffness. 

10, A cochlear electrode array for a cochlear implant comprising: 

an elongated carrier having a proximal end and a distal end with an outer 
surface denning a inner side and an outer side opposite said inner side; 
a plurality of electrodes on said outer surface: and 
wires connected to said electrodes and extending to said proximal end, 

1 1 , The cochlear electrode array of claim 10 wherein each of said electrodes 
m connected to one of said leads. 

IS, The cochlear electrode array of claim 10 wherein at least one of said 
electrodes is connected to at teast two of said leads, 

1 3x The cochlear electrode array of claim 1 0 wherein each of said electrodes 
comprises a ring collapsed to form a U-shaped member, 

14, The cochlear electrode array of claim 13 wherein said elongated carrier 
hm a longitudinal axis and wherein said rings are arranged orthogonatiy to said 
longitudinal axis. 
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1§> The cochlear electrode array of claim 14 wherein said electrodes form a 
channel, said leads being disposed in said channel, 

16, The cochlear electrode array of claim 10 wherein said elongated carrier 
is shaped into a curvsd configura^on to fit inside the cochtea of a person, said 
cochlea including a modulus, said electrodes being oriented en said inner side 
to face said modiolus when said carrier is inserted Into the coehiea> 

17, The cochlear electrode array of claim 10 wherein said outer surface is 
smooth along said outer side to prevent any damage to the cochlea as said 
carrier Is inserted into the cochlea, 

18, The cochlear electrode array of claim 10 wherein said electrodes are 
disposed on said Inner side, 

19, A cochlear electrode array comprising: 

an elongated earner having a proximal end and a distal end, an Inner 
surface with a plurality of electrodes; 

said elongated earner being formed with a lumen extending through saM 
carrier, said elongated carrier being held m a first configuration an external 
member inserted Into said iumen: 

said elongated carrier having a memory to assume a second 
configuration, and 

said elongated carrier being arranged to assume to said second 
configuration when said external member is removed torn said lumen. 

20, The cochlear electrode array of claim 19 wherein said elongated carrier 
is constructed and arranged to assume a curved configuration matching the 
shape of the cochlea when no member is Inserted into said lumen. 
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21 . The cochlear electrode array o! claim 19 wherem Mid body is arranged 
to be stained In said fk$i eanfiguratson when the external member Ts located 
into the Jurnan* said earner being substantially straight m said fmi configuration 

22. A method of making a cochlear etectrode array for implantation Into the 
cochlea of a ^entas part of a codilear implant: systanr c-om^^g: 

forming an elongated blank around a curved production stylet; 
removing said curved pmductton stylot to create a lumen through said 
elongated blank; 

mmg mmin§ said elongated blank and inserting a straight production 
stytet into the salcS lumen; 

attaching electrodes and wms to said elongated: bfenk ; and 
withdrawing said Mratght productfen stylet 

23. The method of claim 22 further comprising generating each said 
electrode by the steps ot providing a ring of a conductive material, threading one 
of caid wire through said nng and collapsing said rings to grip said one of said 
wires, 

24. The method of claim 23 wherein said slop of collapsing includes 
eSectrowelding said ring. 

25. The method of eiaim 23 wherein each said ring is coB&psad into a U- 
shaped electrode, 

26. The method of claim 2§ wherein the sad elongated blank is formed with 
a channel 

27. The method of claim 26 wherein the said wires am placed into te said 
channel formed in the said elongated blank, 
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2S, The method of oia&n 27 wherein each of said u^hap^d ^lectrodea with its 
said attached Wire is placed one^y-one into said channel starting from the tip of 
the said elongated blank, such that each electrode covers the wires of the 
electrodes which have been previously placed m the blank, 

29, The method of claim £2 further comprising positioning said blank with 
said electrodes into a . curved die and applying a moulding materia! to said blank 
and said electrodes to form a unitary carder, 

3D. The method of claim 22 wherein said production stylet is withdrawn from 
sakl body first to generate said lumen, said blank is straightened and a second 
straight stylet inserted to hold said blank jn a straight configuration before said 
electrodes are attached to said blank. 

31 . A method of making a cochlear electrode array lor implantation into the 
oochiea of a paiient as part of a cochlear implant system comprising; 

providing a piuraiity of electrodes, each eSectmde being attached to a 

wire; 

positioning said electrodes in a spaced relationship in a moulding die 
with said wires extending toward one end of said moulding die; and 

applying a mouiding material Into said moulding die to fomi a carrier with 
said electrodes and wkes being embedded in said moulding material, 

32. The method of claim 31 wherein said electrodes are formed by 
providing a plurality of rings; 

welding a wire to each ring; and 

collapsing each of said rings to form a U-ahaped electrode element. 

33. The method of claim 32 further comprising positioning said electrodes In 
said moulding die to form a channel and positioning said wire in said channel 
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34, The method of claim 33 further comprising Inserting into said moulding 
die & production stylet before said mousing -fpsierials is appfed, and removing 
said productfen stylet from said earner to form a lumm tharaia 

35 * The method of elate 31 further comprising providing said moulding die in 
a first shape having a first curv&tum smaifer than the curvature: of the shape of 
the cochlea. 

BE The method of claim 32 comprisinglorming the said electrode array suoh 
thai after straightening said electrode array will relax to a second relaxed curve 
having a second curvature larger than said first curvature. 

37, The method of claim 33 wherein the second relaxed curvature matches 
the curvature of the human cochlea. 

38, A stylet insertion Jg* stylet and precurved cochlear electrode array 
combination for forming a straightened cochlear electrode array, said 
combination comprising : 

a precurved cochlear electrode array having a longitudinal lumen 
adapted to receive a stytet; 

an elongated stylet having a long axis; 
a pg mdudmg; 

a chassis upon which is mounted & variable engagement means 
arranged to position said array and said stylet relative to each other, an end 
section of said lumen intersecting said long axis of said variable engagement 
means operative to insert said stylet into said lumen; 

an electrode array straightening means mounted on said chassis and 
engaging said array and operative to straighten said array, 

39, A combination according to claim 39 > wherein said stylet is formed of a 
malleable material having an annealed tip at a first end and a loop at a second 
end, said loop forming a means of engagement 
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4D> A combination according to claim 39, wherein said straightening m§ans 
cooperates with said variable engagement means to Incrementally straighten 
said precuiyed electrode array during insertion of said . stylet 

41, A siytei insertion for straightening a p recurved cochlear electrode 
array having a lumen and for inserting a stylet into said lumen, said jig 
comprising: 

a.chas&i? upon which is mounted a variable engagement means 
arranged to position said array and said stylet relative to each other, an end 
section of said lumen intersecting said long axis of sakl variable engagement 
means operative to Insert said stylet Into said lumen ; 

an electrode array straightening means mounted on said chassis and 
engaging said array and operative to straighten sa?a array. 

42, A stylet insertion pg according to claim 41 ; wherein said straightening 
means cooperates .with said variable engagement means to incremental 
straighten said precua^d electrode array during insertion of said stylet 



WD 00/71 DO 




wo 0o/?t oe 




wo mil 8 m 



6/6 




j PCT/At? 99/00391 



A. 



CLASSmCATlON OF MATTER 



M.C0 mw im^Mimms+ Mmzmv 



a FIELDS §f^MMl> 



Doc«« $*&$&c£ o&sr ^ntooiv&uoo to the oxioot thai ^fc.&x$ra*oi$ ore uiciudec xo Hekk scorched 



Electfv^k: dy;;< WiiM drifts* the* *fftefci$tAo.usi. -xxxxlx (tfarafc 

WFAT: : coehtes< !>jbmc> car, 



BwmMmtscmmmm m m relevant 



Category* I CiiMioivof doc^m^t, .wfcfc **Kftcatib« v wfcsrs. appropriate sjf cd&vsst psss&ps | ^kvam to dsim 



X 



X 



\mM l Wm A J (COCHLEAR LhWrgD}. 2? M^M>§? 



VKXWMMIO AX (COCHLEAR FIT. LTD.^F^^ 



I X I Further docwnmte axe listed in the 
™~ cd^htiiadoH of Box C 



cay armsx 



■ A* 



SpstfiiiJ *otegoci£S of docu^cftis: 

aocuo\er..i doTxniw. Uxe gonial af iheatt .v?fc 
fKft >:oo$i<&rod U$ to? #i pg;fccut&v &&var&« 
*:i':ik\i- spplk^itfs o&xetf x kit p&blishsKS as w • 
the iotercmiksm Ming dale 
dcx. v .tum x .?.u Nvhxch vftiiy xteft: vfeiibts ou priority ci 
tiff \vMch;i$ % &i&el thsrpMrata dg& 

8T$$h$? : $&3&S0 OS' ?«#80tt tas SJfeiSii 

doviifSiKKSi isfeivtg to Mural flkfc ; u$£, 
oxxubi:ic» or oxhsr tt^siss 
dociXKXCftt putehsd pfior to I'm hmm^i\^. 
fcwi. latex thm sims dats-scd 



: of 



'T ; ' fer <kc^ft^u pubM^d ata ; fh&.vti&xi&mtei Ming. dh\z 
•^oiity f^v? io ^vjolUcx with tk* appfrkat'j$ssi bux viied 

x^d^xs^d the; pdm-tpfc m Stay vm^vtig ihv iiminim 

*X * <k>cm®ti o£ pt^im &&v&\c&; to* daubed ^ygstisat cannot 
hn soasMerod .xwvd s r so^j&crctf to kvd ^ 

>>oxobiJi^d mz ot sii^r^ othor soe.H ^fC^tm^tiSSj. 




m box 

WOD^ ACT 2w6 
F^sumk No; ; m ) (>^B5 3^ 



STEVEN WEISS 



F^m FC'l7?jsA/2iO (<.ow»d^oi) (My 1^3 





Inimralmbil app^imkm Ho 


1 € ^miim^imi DOCUMENTS CONSIM^I) TO BE RELEVANT j 


rr 

\ 


Ciimon Qf&mmmK mtkin&$&ti^ y \>th<iT& $ppmpx'ffl£i M lh$ vdcwm passages 


Relevant to 


X 


US A (B .VERS BT At!) 18 Attgnsi 1 
Figure ,5, 7, %, W. 


35 



INTERNATIONAL SEARCH REPORT 

Moimatioii o& patent feimly members 



thh ,Aaw lists the. kmmn ■* & w fn^cttioix fevd ptsst i%m% numbers t^atmg the patent documents -cited 
m tks al?Dv« A m^ti0ned isit^mationd search report. The Austtsta Patent QSkeis m m way liable fer ttee 
particulars which anj merely giY^iibr ife purpose of mfbrn^ioa 



pstfjertf Di>G^a^sn; Giles! m Ssa?d& 
Export 






Pate**; Rismfy M&mbe* 


] 
i 


WO 97/10784 


All 






OS 565^2 


OS 5545219 


A.U 
WO 


96/3 ICS? 


ck mmm 


ep sis m 1 


wo mmm 






BP 32S597 




m mmm 


us 


4HI964? 







form PCMSA/SiO (d&ikin &&Hy Ouly i^S) 



